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A RAPID, HIGH CAPACITY NUCLEIC ACID BASED ASSAY 

FTELD OF TTJVT:!TJTTnw 

This invention relates generally to nucleic acid 
hybridization for the detection of nucleic acid 
sequences and, in particular, to a rapid, high capacity, 
nucleic acid based sandwich hybridization assay which 
can be performed, in part, in a chaotropic solution and 
which can be used to detect and/or quantitate nucleic 
acid levels, which can be used as an inf activity assay 
and/or as an assay to evaluate anti-^inf ectious agent 
activity of coxopounds. 

BACKflROnwn OF TOT! TOVT^WTTnTJ 

Hybridization is based on the specific association 
of complementary nucleic acids which makes possible the 
sensitive and specific detection and isolation of 
nucleic acid sequences. VVhile the discovery of nucleic 
acid hybridization lias provided a valuable research tool 
which can be used for a variety of purposes such as 
medical diagnosis, there is an ongoing need to develop 
inproved techniques, to make the assay methods more 
sensitive, more specific, faster, and easier to use. 

Dunn et al.. Cell, 12:23-36 (1977), describe a. 
hybridization format which employs a two-step sandwich 
assay method using polynucleotide probes in which the 
target nucleic acid (RNA extracted from Ad2NDI) is mixed 
with a solution containing a first or capture probe 
which has been affixed to a solid support « After a 
period of time, the support is washed and a second or 
reporter (labeled) probe (a radiolabeled probe) , also 
conplementary to the target nucleic acid but not to the 
capture probe, is added and allowed to hybridize with 
the capture probe *- target nucleic acid complex. After 
washing to remove any unhybridized reporter probe, the 



presence of the reporter probe, hybridized to the target 
nucleic acid is detected » 

RaxUci et al., U.S. Batent No. 4,^563^419 disclosed 
E?A 0 154 505, W086/03782 and EPA 0 200 113. It is 
recognized that all of these enqploy an assay procedure 
in which the first or capture probe is immobilized onto 
a solid support prior to hybridization « 

A further variation has been described in German 
Preliminary Published Application 3,546,312 Al. ^This 
method, like that described by Ranki et al., employs a 
capture probe and a reporter pxcbe which hybridize to 
distinct portions of the target nucleic acid. The 
target nucleic acid is contacted in solution by the two 
probes. The first or capture probe contains a binding 
component, such as biotin, that is capable of binding 
with a receptor component, such as streptavidin, which 
has been affixed to a solid support. After formation of 
the capture probe - target nucleic acid - reporter probe 
coniplexr a streptavldinrmodifled solid support is added. 
Any unhybridlzed reporter probe is washed away followed 
by the detection of the label incorporated into the 
coiqplex bound to the solid support. 

U.S. Patent No. 4,581,333, issued to Kourilsky 
et al. on April 8, 1986, describes a method for 
detecting a DNA fragment in sanple containing a 
multiplicity of fragments by hybridizing the target 
fragment with an SNA probe prior or subsequent to the 
hybridization reaction modified by an enzyme. 

U.S. Patent 4,994,373, issued to Stavrianopoulos 
et al, on February 19, 1991, describes a method 
einploying clh^cally^labelled polynucleotide probes 
wherein nucleic acid sequences are Immobilized on a 
solid support and f oanrdng a complex between the fixed 
sequences and ^emically-labelled probes having a 
sequence complementary to the fixed sequence for 
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determining the identification and/or presence of the 
target polynucleotide sequences. 

WO87/06S21 published on November 5, 1987, describes 
a method of carrying out nucleic acid hybridizations 
5 which does not require prior purification and/or 

immobilization of solubilized target nucleic acids. In 
this method, guanidiniom thiocyanate serves both to 
solubilize a target nucleic acid and to permit 
hybridization . 

10 WO84/04332 published on November 8, 1984, describes 

an assay for nucleic acids coniprislng chaotropically 
solubilizing cellular nucleic acids and performing a 
molecular hybridization in the chaotropic solution 
utilising labeled probe complementary to the target 

15 nucleic acid* 

WO90/12116 published on October 18, 1990, describes 
hybridization prraiotion reagents such as a mixture of 
guanidinium thiocyanate and tetramethylammonium- 
trif luoroacetate to facilitate hybridization between 

20 target nucleic acid and nucleic acid probes. 

Pellegrlno et al., BioTechniques, 5(5}: 452-459 
(1987), describes a solution hybridization technique for 
detecting RNA in cells wliich involves dissolving cells 
in guemidinium thiocyanate, hybridizing with RNA probe 

25 at room temperature in the same solution and measuring 
hybrid formed. 

Such an approach was further modified as described 
in Thompson et al., Clin. Chem., 35 (9) : 1878-1881 (1989) 
by using reversible target capture (RTC) to selectively 

30 purify hybrids from crude cell lysate after 

hybridization. RTC involves using a labelled probe to 
provide signal and a dA-tailed synthetic oligonucleotide 
capture probe to allow for selective purification of the 
target nucleic acid. After hybridization, the resulting 

35 .ternary complex was captured onto paramagnetic beads 
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coated with oligo-dT (dT-beads) which bound to the 
poly(dA) portion of the capture probe* The ternary 
h^rlds can bo eluted from dOVbeads sisqply by raising 
the connntration of the chaotrope. Repeated cycles of 
5 capture were found to eliminate background associated 
with the nonspecific interaction of labeled prcAe with 
ZDaterial in the lysate and dTHbeads. 

Although RTC appears to increase the range of 
sensitivity of such assays, it is time consuming^ 

10 tedious and some of the reagents are difficult to make* 
RTC has been used to guantltate HIV-1 RKA as 
described in Solomon et al.r J* Clin. Lab. Analysis ,^ 
3t282--2a6 (1989)/ Volsky et al., J- Virological Methods 
28:257-272 (1990) ^ and Gillespie et al.. Molecular and 

15 Cellular Probes, 3:73-86 (1989) . 

More recently. It has been found by Japdur et al./ 
Proc. Natl. Acad. Sci., 88:3092-2096 (April 1991) that 
the growth of HIV-1 clinical isolates with reduced 
sensitivity to zidovudine and dideoxyinosine can be 

20 detected using RMA-BNA hybridization and RTC. OSie assay 
was used to study isolates cultured in peripheral blood 
mononuclear cells (PBMCs) . It was reported that by 
measuring the amount of HIV^l RKA produced, in the acute 
HIV infection of PBMCs in tissue culture It may be 

25 possible to establish the clinical significance of HIV 
resistance and evaluate cross-resistance to other 
antiviral drugs* 

SnMMARY or THE TWVTOTTnW 

Xhis invention relates to a nucleic acid based 
30 assay for detecting and/or quantitatlng nucleic acid 
levels in a santple suspected to contain the target 
nucleic acids to be detected and/or quantitated which 
comprises: 

a) preparing the sainple for hybridization in a 
35 solution containing a chaotrqpic agent; 
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b> reacting the product of step (a) with a 
capture probe to which is attached a first member of a 
specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
5 - target nucleic acid conplex; 

c) diluting the chaotropic solution containing 
the product of step (b) to a concentration which permits 
binding of the first mesiber of the binding pair to a 
second member of the binding pair; 
10 d) immobilizing the product of step (c) bn a 

support to which is attached the second member of the 
specific binding pair; 

e) removing substantially all non-immobilized 
coxiqponents; 

15 f ) reacting a reporter probe with the izmnobilized 

capture probe - target nucleic acid con^lex to form an 
immobilized capture probe - target nucleic acid - 
reporter probe coxoplex wherein the reporter probe is 
conplementary to a portion of the target nucleic acid 

20 not including the portion to which the capture probe 
hybridizes; 

g) removing substantially all unreacted reporter 
prcdbe; and 

h) detecting and/or qufiuititating the product of 
25 step (g) . 

In a second embodiment, this invention relates to a 
nucleic acid assay for detecting and/or guantitating 
nucleic acid levels in a sample suspected to contain the 
target nucleic acids to be detected and/or guantitated 
30 which conprises : 

a) preparing the sangple for hybridization in a 
solution containing a chaotropic agent; 

b) reacting the product of step (a) with a 
capture probe to which is attached a first member of a 

35 specific J^ihding pair and a chaotrppically insensitive 
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reporter probe to which La attached a meniber of a 
specific binding pair different from the first member 
attached to the captiire probe directly in the solution 
containing the chaotropic agent to form an immobilized 
5 ^ptnre probe - target nucleic acid - chaotrcfpically 
Insensitive respoztBT probe coiqplex wherein the 
cfaaotrqpically Insensitive reporter probe is 
cosplementary to a portion of the target nucleic acid 
not including the portion to %Aiich the capture probe 

10 hybridizes; 

c) dHuting the chaotrqplc solution containing 
the product of step (b) to a concentration which permits 
binding of the first member of the binding pair used for 
immobilization to a second member of the binding pair; 

15 d) Immobilizing the product of step (c) on a 

support to which is attached the second member of the . 
specific binding pair; 

e) removing substantially all non^immobllized 
conpohents; 

20 f ) reacting the product of step (e) with the 

other meniber of the reporter binding pair to which is 
attached a detectable label to form an immobilized 
capture probe • target nucleic acid - chaotrppically 
Insensitive reporter probe - specific binding pair - 

25 detectable lab^l complex; 

g) removing substaniilally all unreacted 
components; and 

h) detecting and/or quantitating the product of 
step (g) . 

30 Zn a third exiibodiment, this invention relates to a 

nucleic acid bsised infectivity assay whi^ coiiprises: 

a) allowing an infectious agent to replicate in 
or on a host capable of si^qporting replication of the 
Infectious agent; 
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b) preparing the product of step <a) for 
hybridization in a solution containing a chaotropic 
agent; 

c) reacting the product of step (b) with a 

5 capture probe to which is attached a first meniber of a 
specific binding pair directly in the solution 
containing the chaotropic agent ta form a capture probe 
- target nucleic acid coxq)lex; 

d) diluting the chaotropic solution containing 
10 the product of step (c> to a concentration which permits 

binding of the first member of the binding pair to a 
second member of the binding pair; 

e) immobilizing the product of step (d) on a 
support to which is attached the second member of the 

15 specific binding pair; 

f ) removing substantially all non-immobilized 
coDQponents; 

g) reacting a reporter probe with the immobilized 
capture probe - target nucleic acid complex to form an 

20 immobilized capture probe - target nucleic acid 

reporter probe complex wherein the reporter probe is 
complementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

25 h) removing substemtially all unreacted reporter 

probe; and 

i) detecting and/or quantitating the product of 
step (h) . 

In a fourth exnbodiment, this invention relates to a 
30 nucleic acid based Infectlvlty assay which comprises: 

a) allowing an infectious agent to replicate in 
or on a host capable of supporting replication of the 
Infectious agent; 
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b) pr^arlng the product of ate^ (a) for 
h^^brldization In a solution containing a chaotropic 
agent; 

c) reacting the product of step (b) with a 

5 capture prdbe to which is attached a first zneinber of a 
specific binding pair and a chaotropically insensitive 
reporter probe to which is attached a mendber of a 
specific binding pair different from the first member 
attached to the capture prdbe directly in the solution 

10 containing the chaotropic agent to form an immobili2Eed 
capture probe ^ target nucleic acid - chaotropically 
insensitive reporter probe complex wherein the reporter 
probe is coitplementary to a portion of the target 
nucleic probe not including the portion to which the 

15 capture probe hybridizes; 

d> diluting the chaotropic solution containing 
the product of step (c) to a concentration which permits 
binding of the first, member of the binding pair uaed for 
immcsbilization to a second member of the binding pair; 

20 e) InmobdLlizing the product cf step (d) on a 

support to which is attached the second meniber of the 
specif ic binding pair; 

f ) removing substantially all non-izmaobilized 
cdoponenta; 

25 g) reacting the product of step (f ) with the 

other member of the reporter binding pair to which is 
attached a detectable label to form a capture probe - 
target nucleic acid - chaotropically insensitive 
reporter probe - specific binding pair- detectable label 

30 complex; 

h) removing substantially all unreacted 
components; and 

i) detecting and/or quantitating the product of 
step (h) . 
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In a fifth embodiitent/ this invention relates to a 
nucleic acid based method for evaluating anti-infectious 
agent activity of a compound which comprises: 

a) contacting a host capable of supporting 
5 r^lication of an Infectious agent with a cospound 

suspected to have anti-infectious agent activity and the 
infectious agent wherein the compound can be added 
before^ after or with the infectious agent; 

b) allowing the infectious agent to attentpt to 
10 replicate; 

c) preparing the product of step <b) for 
hybridisation in a solution containing a chaotropic 
agent; 

d) reacting the product of step (c) with a 

15 capture probe to which is attached a first member of a 
specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
- target nucleic acid complex; 

e) diluting the chaotropic solution containing 
20 the product of step (d) to a concentration whic* permits 

binding of the first member of the binding pair to a 
second member of the binding pair; 

f ) immobilizing the product of step (e) on a 
support to which is attached the second member of the 

25 binding pair; 

g) removing substantially all non^immobilized 
component a; 

h) reacting a reporter probe with immobilized 
capture probe - target nucleic acid complex to form an 

30 immobilized capture probe - target nucleic acid - 

rei>orter probe coinplex wherein the reporter probe is 
complementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 
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i) removing subatantlalXy all onreacted reporter 
probe; emd 

j) determiningr the anti-infecfcioxis agent activity 
of the compound by detecting and/or quantitating tbe 
5 product of step (i) . 

In a sixth einbodimentr this invention relates to a 
nucleic acid based method for evaluating the anti- 
infections agent activity of a confound which comprises: 

a) contacting a host capable of stipporting 
10 replication of an ixifectious agent with a compound 

suspected to have anti-infectious agent activity and the 
infectious agent wherein the compound can be added 
before, after or with the infectious agrat; 

b) allowing the infectious agent to attempt to 
15 replicate; 

c) preparing the product of step (b) for 
hybridization in a solution containing a chaotropic 
agent; 

d) reacting the product of step (c) with a 

20 capture pr<dt>e to which is attached a first member of a 
specific binding pair and a chaotropically insensitive 
reporter probe to which is attached a member of a 
specific binding pair different from the first member 
attached to the capture probe directly in the solution 

23 containing the chaotropic agent to form a capture probe 
- target nucleic acid - chaotropically insensitive 
reporter probe complex wherein the reporter probe is 
complementary to a portion of the target nucleic probe 
not including the portion to which the capture probe 

30 hybridizes; 

e) diluting the chaotropic solution containing 
the product of step (d) to a concentration which permits 
binding, of the first member of the binding pair used for 
immobilization to a second member of the binding pair; 
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£} Immobilizing the product of step (e) on a 
support to which Is attached the second member of the 
specific binding pair; 

g) removing substantially all non-lmmoblllzed 
5 components; 

h) reacting the product of step (g) with the 
other member of the reporter binding pair to vhltih is 
attached detectable label to form a capture probe ^ 
target nucleic acid *- chaotropically insensitive 

10 reporter probe - specific bdLndlng pair-detectable label 
complex; 

1) removing substantially all unreacted reporter 
probe; and 

j) determining the anti-infectious agent activity 
15 of the compound by detecting and/or quantltating the 
product of step <i) . 

In a seventh embodiment , this invention relates to 
a nucleic acid based method for evaluating the antl-Hlv 
activity of a coznpound which COTprlses: 
20 a) contacting a host capable of supporting 

replication of BIV with a coxqpound suspected to have 
anti-HIV activity and HIV wherein the consiound can be 
added beforei^ after or with HIV; 

b) allowing HIV to attenqpt to replicate; 
25 c) preparing the product of step (b) for 

hybridization in a solution containing guanidinlum 
Isothlocyanate; 

d) reacting the product of step (c) with a 
biotinylated capture probe directly in the solution 

30 containing guanidinlum Isothlocyanate to form a capture 
probe - HIV BNA complex; 

e) diluting the chaotrppic solution containing 
the product of step (d) to a concentration which permits 
binding of blot in to streptavidin; 
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f ) itnmobllizlng the product of step (e) on a 
support to wMch is attached streptavidln; 

g} resiovlng siidDStantlally all non^lxnxnobllized 
componeiLts; 

5 h) reacting the product of step (g) with an 

enzyme^labeled reporter probe to form an immobilized 
capture probe ^ BIV BN& enzyme labeled reporter probe 
complex wherein the reporter probe is complementary to a 
portion of the HIV BNA not Including the portion to 
10 which the capture probe hybridises; 

1) reinovlng substantially all unreacted reporter 
probe; and 

j) detecting and/or quant itating the product of 
step (i) . 

15 BRTEF PRSCRTPTTQW QF TWB nRAWTTJgfi 

Figure 1 shows detection of PDAB 72 In vitro 
transcripts with 'gag*^ probe set. 

Figure 2 shows detection of PDAB 72 in vitro UNA 
transcripts with *pol* probe set. 
20 Figure 3 dhows HIV BF infection of iSX^2 cells ^ 

Figure 4 shows a dose response to cyclohexamide in 
BIV BSA and HIT assays. 

Figure 5 shows a dose response to ddC in HIV BNA 
and MTT assays. 

25 Figure 6 show$ a dose response to XJ104 in HIV BNA 

and MTT assays. 

Figure 7 shows a reduction dLn yield of infectious 
virus and HIV RNA with KZT treatment at an MOI-2.0. 

Figure 8 shows a reduction in yield of infectious 
30 virus and HIV RNA with AZT treatment at an MOI«0 . 5 , 

Figure 9 shows HIV BF infection in the presence and 
absence of P9941. 

Figure 10 shows a conparison of HIV BNA assay 
according to the invention and a yield reduction assay. 



13 

Figure H shows detection of In vitro RNA 
transcripts of MCP and pp65 plasmids. 

Figure 12 shows detection of pp65 RNA in HCM7 
infected HFF cell lysates. 

Figure 13 shows detection of ICP RNA in HCMV 
infected HFF cell lysates. 

This invention provides a rapid, high capacity, 
sensitive nucleic acid based assay for detecting and/or 
quantitating nucleic acid levels in a sample suspected 
to contain the target nucleic acids to be detected 
and/or quantitated which comprises: 

a) preparing the saxnple for hybridization in a 
solution containing a chaotropic agent; 

b) reacting the product of step (a> with a 
capture probe to which is attached a first member of a 
specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
- target nucleic acid ccnqplez; 

c) diluting the chaotropic solution containing 
the product of step (b) to a concentration which permits 
binding of the first member of the binding pair to a 
second member of the binding pair; 

d) immobilizing the product of step (c) on a 
support to which is attached the second meitdber of the 
specific binding pair; 

e) removing substantially all non-immobilized 
components ; 

f ) reacting a reporter probe with the immobilized 
capture probe - target nucleic acid complex to form an 
immobilized capture probe - target nucleic acid 
reporter probe conqplex wherein the reporter probe is 
coxtplementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 
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g) zwnovlng substaatially all unreacted reporter 
probe; and 

h) detecting and/or quantltatlng the product of 
step (g) . 

5 Ihe hybridization assay described herein provides a 

number of advantages over current methods. One 
advantage of this assay Is minlmnm sanple preparation, 
such that a rapid, high capacity assay Is provided whlcti 
can readily be automated using existing technology. In 

10 addition, one can directly detect the genome of an 
infectious agent or a transcription product of that 
genome rather than measuring coinplex indirect phenomena 
such as cytopathology. Also, probes which can be used 
in this assay are easily synthesized or can be 

15 purchased 

i^other advantage obtained by using the method of 
. thdLs invention is blosafety. Use of a chaotrope often 
inactivates the infectious agent and, when working with 
an infectious agent, such as HIV, this can be highly 

20 desirable » In addition, only small amounts of the 
infectious agent are required to perform the assay. 

The term "san^le" as used heredLn means any nucleic 
acid containing source, whether biological or non- 
biological, such as a virus, a cell, or group of cells, 

25 bacteria, either whole or fragments thereof, including 
gram positive and gram negative bacteria, fungi, yeast, 
algae, and other microorganisms as well as parasites, 
animal and plant cells and tissues, chemically 
synthesized polynucleotides. In vitro transcripts, etc. 

30 trhe term "target nucleic acid** as used herein means 

the nucleic acid which is to be detected and/or 
quan'titated whether of infectious or non-infectious 
origin. 

Ihe term "capture probe" as used herein means an 
35 oligonucleotide which is coxrtplementary to a portion of a 
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preselected sequej^ce of the target nucleic acid and to 
which ±8 attached a first mexcdber of a specific binding 
pair » 

The term "reporter probe" as used herein mews an 
5 oligonucleotide which is complementary to a portion of a 
preselected sequence of the target nucleic acid which 
sequence is distinct from the portion of the target 
nucleic acid idiich is complementary to the capture 
probe. A reporter group can be attached directly or 

10 indirectly to the oligonucleotide to form the reporter 
probe. Direct attachment means that the reporter group 
or detectable label is attached to the probe. Indirect 
attachment means that the reporter group is attached to 
the probe through a member of a specific binding pair as 

15 is discussed below. In addition, a "chaotropically 
insensitive reporter probe" means that the reporter 
prcfl>e and any moiety attached thereto, such as a 
reporter group or a member of a specific binding pair, 
are not sensitive to the concentration of chaotrope at 

20 the time the reporter probe is utilized* 

The terms "specific binding pair" and "binding 
pair* are used interchangeably herein. 

The terms "reporter group" and "detectable label" 
are used interchangeea>ly herein. 

25 Any nucleic acid can be detected and/or quantitated 

using this method. RNA is normally present in cells 
mednly in a single stranded form, DNA is normally 
present in a double stranded form but can readily be 
rendered single stranded by heating, by the action of 

30 alkali, or by using a chaotrppic agent. A preferred 
target nucleic acid is KNA and, more preferably, is 
Human Immunodeficiency Virus <EIV) RNA or Human 
cytomegalovirus (Ctfvy HNA. 

If the sanple is a cell or some other nucleic acid 

35 containing system, then isolation or preventing 
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degradation of the target nucleic acid Is necessary due 
to the presence of nucleases, i.e., enzymes which break 
down BNA or DNA. These nucleases have to be 
inactivated, removed, or inhibited since the nucleic 
5 acid will break down rapidly and pscoduce a false result 
in the hybridization assay » 

Chaotropic agents are Important to the practice of 
this invention because they perform the following 
functions: lyse cells and tissue, disrupt nucleoprotein 

10 oonplexes, inhibit nucleases, create optlmnm conditions 
for nucleic acid hybridization, and inactivate certain 
infectious agents- They are believed to act by causing 
chaos In the ordered hydrogen bonding structure of water 
in the vicinity of a protein and thereby causing a 

15 conformational change to the protein, resulting in it 
taking up a conformation which is less thermally stable 
to hydrolysis than the natural form* 

The concentration of specific chaotrope to effect 
substantially complete dissolution of a nucleic acid 

20 containing sample will vary depending on the specific 
chaotrope and on the nature and concentration of the 
sample used. Conc^xtration adjustments represent 
xxmtine optimization within the scope of the invention. 
The chaotrope must be in a concentration stiff icient to 

25 effect substantially complete dissolution of the nucleic 
acid containing sanple. 

Chaotropic agents which can be used to practice the 
assay of the invention Include, but are not limited to, 
guanidinlum Isothiocyanate, guanldinium hydrochloride, 

30 potassium thio^anate, guanldinium acetate, sodium 

trifluoroacetate,^ sodium acetate, sodium iodlder sodiiam 
perchlorate, sodium bropitde, lithium bromide, urea, 
tetramethylammonium bromide, etc. The preferred 
chaotrc^ic agent is guanldinium isothiocyanate. 
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Hybridization between the capture probe and tlie 
target nucleic acid can be effected directly in the 
solution containing the chaotroplc agent provided that 
the first meniber of the specific binding pair through 
which immobilization will be effected is insensitive to 
the effects of the chaotroplc agent and the conditions 
of the solution, including the concentration of 
chaotroplc agent, favor nucleic acid hybridlscation. The 
first mesd^ier of the specific binding pair can be 
attached to the capture probe using conventional 
techniques well Jcnown to those skilled in the art. 

The solution containing the resulting capture 
probe-target nucleic acid complex is then diluted to a 
concentration which permits binding of the first member 
of the binding pair to a second member of the binding 
pair. After such dilutiour the capture probe-target 
nucleic acid complex can be immobilized on a support via 
interaction between the first member of the binding pair 
and the second member of the binding pair which has been 
affixed to the support using standard methods. 

The choice and concentration of the chaotrope must 
be correlated with the choice of specific binding pair 
because each member of the specific binding pair must be 
insensitive to the concentration of chaotrope at the 
time each member of the binding pair is brought into 
contact therewith. In addition ^ the initial 
concentration of chaotrope must also be sufficient to 
dissociate the target nucleic acid from con?>lexes such 
as nucleoprotein contplexes which could hinder 
hybridization « Furthermore, the concentration of 
chaotrope should be adequate to inactivate nucleases 
which might degrade the target nucleic acid and the 
concentration of chaotrope at the temperature of 
incubation should favor formation of the target nucleic 
acid-capture probe coiQ>lex. 
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Kxaipples of specific binding pairs which can be 
used for immobilization includer but are not lixnited to, 
biotin-atreptavidin, iminoblotln-streptavidln, 
mercurated probes-^sulfhydryl containing moieties, 
5 folate-folate binding protein, intrinsic factor-vitamin 
Bi2f antibody^ligand, etc. It should be noted that the 
term "streptavidin"' as used herein encoiqpasses both 
avidin and stirt^tavidiur 

The support can be any one of a wide variety of 

10 supports, and as representative examples, there can be 
mentioned: synthetic polymer supports, such as 
polystyrene, polypropylene, substituted polystyrene, 
e.g., aminated or carboxylated polystyrene, 
polyacrylamides, polyamides, polyvinylchoride, etc.; 

15 magnetic particles, agarose; etc. A preferred sx^jport 
consists of polystyrene microtiter plate wells. 

After immobilization has taken place, substantially 
all non-lmDmobillzed components are removed and then 
reporter probe can be reacted with the immobilized 

20 capture probe - target nucleic acid conplex to form an 
immobilized capture probe - tairget nucleic acid 
reporter probe complex. 

Surprisingly and unexpectedly, it has been found 
that when cell lysates containing the target nucleic 

25 add have been treated with a chaotropic agent, 

immobi3J.zed, and washed, hybridization of the reporter 
probe to the immobilized capture probe - target nucleic 
acid complex can occur for short periods of time in 
solutions not containing nuclease inhibitors even when 

30 the target nucleic acid is BNA. 

In addition^ it is possible through probe 
selection, to detect a nucleic acid target, whether OKA 
or BNA, which is Itself the genome of the replicating 
infectious agent rather than a product of the egression 

35 of that genome » !Ehe ability to directly quantitate the 
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nuxhber of genomes In an infected aample can be an 
advantage in evaluating inf activity. 

In addition^ RNA which is the product of 
transcription of the genome of the infectious agent can 
5 be detected and/or quant itated. The quantitation of 
these RMA transcription products may bear a more direct 
relationship to the number of infectious agents than 
protein products which result from the combined 
processes of transcription and translation each of >diich 

lO' can be independently modulated. 

As was mentioned above, the reporter probe can have 
a detectable label attached directly or indirectly to 
the reporter probe. Indirect attachment involves 
linking the detectable label to the probe through a 

15 member of a specific binding pair. Thus, JLnstead of 

attaching a detectable label, such as an enzyme, to the 
probe, a mendber of a specific binding pair, such as 
folate, can be attached to the probe by employing 
conventional methods well known to those skilled in the 

20 art. Detection is then effected by bringing in the 

other meiEtber of the binding pair to which is attached a 
detectable label or reporter group. In the case of 
folate, detectably labeled folate binding protein could 
be used. The specific binding pair used to indirectly 

25 label the reporter probe, such as biotin-streptavidin, 
can be the same as the specific binding pair used to " 
effect immobilization provided that the capture and 
reporter probes are not reacted simultaneously with the 
target nucleic acid. In the situation when the capture 

30 probe and reporter probe are not simultaneously reacted 
with the target nucleic acid, then it is necessary to 
block all unreacted binding sites used for 
ixnmobilization . For example, in the case of biotin- 
streptavidin, free biotin is added in a separate step 

35 after the first washing step, in order to saturate all 
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of the remaining imreacted biotin binding sites on the 
streptavldln iizmobillzed to the support. 

Specific binding pairs suitable to indirectly label 
a reporter probe can be of the immune or non-inumme 
5 typB^ Immune specific pairs aore exemplified by antigen- 
antibody systems or hapten/anti-hapten antibody systems. 
There can be mentioned fluorescein-antifluorescein,. 
dlnltrophenol-anti->dinltrophenol, biotin-anti-biotin, 
peptlde-anti-peptlder etc. The antibody member of the 
10 specific binding pair can be produced by customary 
methods familiar to those skilled in the art. 

Non-immune binding pairs include systems wherein 
the two components share a natural affinity for each 
other but are not antibodies. Exemplary non-immune 
15 pairs are biotin-streptavldinf intrinsic factor-vitamin 
Bi2r folic acid-folate binding protein^ etc. 

Xhe preferred specific binding pair used to 
indirectly label the reporter probe is fluorescein-anti- 
fluorescein. 

20 As the reporter grovqd or detectable label there can 

be mentioned radioactive isotopes, enzymes, fluorogenic, 
chemilumineacent or electrochemical materials. Examples 
of suitable enzymes include, but are not limited to, 
alkaline phosphatase, B-galactosidase and horseradish 

25 peroxidase . 

As those skilled in the art will appreciate, this 
invention can also be used in conjunction with catalyzed 
reporter deposition which is described in Vld90/11523, 
published October 4, 1990, or Applicants* Assignee's 

30 copending patent application USSN 07/589,719 (attorney 
docket nusiber |]N-0220~B>, filed September 28, 1990, the 
disclosures of whitih are hereby incorporated by 
reference* 

Once substantially all unreacted reporter probe has 
35 been removed, detection and/or quantitation of the 
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capture probe - target nucleic acid - reporter probe 
coniplex can be done. 

In a second cnobodisnent, the assay of this Invention 
can be conducted in such a way as to alnultaneously 
react the capture probe, target nucleic acid and 
reporter probe in a chaotropic containing solution. 
This assay craprises: 

a) preparing the sanrple for hybridization in a 
solutlbn containing a chaotropic agent; 

b) reacting the product of step (a) with a 
capture probe to which is attached a first member of a 
specific binding pair and a chaotropically insensitive 
reporter probe to which is attached a m^inber of a 
specific binding pair different from the first member 
attached to the capture probe directly in the solution 
containing the chaotropic agent to form an immobilized 
capture probe - target nucleic acid - chaotropically 
insensitive reporter probe complex wherein the 
chaotropically insensitive reporter probe is 
complementary to a portion of the target nucleic acid 
not Including the portion to which the capture probe 
hybridizes; 

c) diluting the chaotropic solution containing 
the product of step (b) to a concentration which permits 
binding of the first member of the binding pair used for 
immbbilization to a second member of the binding pair; 

d) immobilizing the product of step (c) on a 
support to which is attached the second member of the 
specific binding pair; 

e) removing substantially all non-immobilized 
components; 

f } reacting the product of step (e) with the 
other member of the reporter binding pair to which is 
attached a detectable label to form an immobilized 
capture probe ^ target nucleic acid - chaotropically 
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Insensitive reporter probe - specific binding pair • 
detecteble label coixiplex; 

g) removing substantially all unreacted 
components; and 
5 h) detecting and/or qoantitating the product of 

step (g) • 

As those skilled in the art will appreciate, the 
cOiaotrqpically insensitive r^orter probe can be 
directly labeled with a r^orter group thus eliminating 

10 the need for steps (f) and (g) above. Furthermore, it 
is possible to increase sensitivity in either a 
sequential or simultaneous reaction of the capture probe 
and reporter probe with the target nucleic acid through 
the use of moltiple capture and/or reporter probes. 

15 In a third embodiment, the assay of this invention 

can be used as a nucleic add based infectivity assay 
which compriises: 

a) allowing an infectious agent to replicate in 
or on a host capable of supporting replication of the 

20 infectious agent; 

b) preparing the product of step (a) for 
hybridization in a solution containing a chaotropic 
agent; 

c) reacting the product of step (b) with a 

25 capture probe to which is attached a first member of a 
specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
- target nucleic acid complex; 

dj diluting the chaotropic solution containing 

30 the product of step (c) to a concentration which permits 
binding of the first mexober of the binding pair to a 
second menOser of the binding pair; 

e} immobilizing the product of step (d> on a 
support to which is attached the second member of the 

35 specific binding pair/ 
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f ) removing substantially all non-ixnmobilized 
coxnponentB; 

g) reacting a reporter probe with the immobilized 
capture probe - target nucleic acid ccH&plex to form an 

5 immobilized capture probe - target nucleic acid - 
reporter prdbe conqplex herein the reporter probe is 
coznplementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes/ 

10 h\ removing substantially all unreacted reporter 

probe; and 

i) detecting and/or quant itating the product of 
step (h) , 

Infectious agents which can be evaluated using this 
15 method include^ but are not limited to, bacteria^ 

virusesr fungi, actinomycetes, and parasites. More 

specifically, there can be mentioned enteric bacilli 

such as Escherichia/ Shigella, Salmonella, Arizona, 

Citrobacter, Klebsiella, Enterogacter, Serratia, 
20 Proteus, Providentia, Morganella; Vibrio and 

Canpylobacter; Brucella such as undulant fever; 

Yersinia; Pasteurella; Francisella; Actinocacillosis; 

Haemophilus and Bordetella; Pseudomonas and Legionella; 

Bacteroides, Fusobacterium, Streptobacillus and 
25 Calymmatobacterium; Bacillus (spore forming aerobes) ; 

Clostridium (spores-forming anaerobes) ; Lissteria and 

Erysipelothrix; Corynebacterium; Mycobacterium; 

Spirochetes; Kickettsias; Chlamydia; Mycoplasmas; 

Poxviruses; Herpesviruses; Papovaviruses; Adenoviruses; 
30 Orthomyxoviruses, Paramyxoviruses; Bhabdoviruses; 

Retroviruses; Picornaviruses; Comaviruses; Rotaviruses; 

Hepatitis viruses; Togaviruses; Bunyaviruses; 

Arenaviruses; Cryptococcus; Candida; Sporothrux; 

Ilestoplasma; Coccidibides; Blast ounces; Aspergilli; 
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f } removing substantially all non-immobilized 
coxtponenta; 

g) reacting a reporter probe with the immobilized 
capture probe - target nucleic acid complex to form an 
5 immobilized capture probe - target nucleic add - 
reporter probe complex vrtierein the reporter probe is 
complementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

10 hy removing substantially all unreacted reporter 

probe; and 

i) detecting and/or quantitating the product of 
step (h) , 

Infectious agents which can be evaluated using this 
15 method dLnclude, but are not limited to, bacteria/ 

viruses f ftzngi, actinomycetesr and parasites. More 

specifically, there can be mentioned enteric bacilli 

such as Escherichia, Shigella, Salmonella, Arizona, 

Citrobacter, Klebsiellar Enterogacter, Serratla, 
20 Proteus, Provident ia, Morganella; Vibrio and 

Canpylobacter; Brucella such as undulant fever; 

Yersinia; Pasteurella; Francisella; Actinocacillosis; 

Haemophilus and Bordetella; Pseudomonas and Legionella; 

Bacteroides, Fusobacterium, Streptobaclllus and 
25 Calymmatobacterium; Bacillus (spore forming aerobes) ; 

Clostridium (spore«^forming anaerobes) ; Lissteria and 

Erysipelothrix; Corynebacterium; Mycobacterium; 

Spirochetes; Rickettsias; Chlamydia; Mycoplasmas; 

Poxviruses; Herpesviruses; Papovaviruses; Adenoviruses; 
30 Orthomyxoviruses, Paramyxoviruses; Bhabdoviruses; 

Retroviruses; Picornaviruses; Comaviruses; Rotaviruses; 

Hepatitis viruses; Togaviruses; Bunyaviruses; 

Arenaviruses; Crypt ococcus; Candida; Sporothrux; 

Ilestoplasma; Coccidioldes; Blastomyces; Aspergilli; 
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Zygon^cetes; Bem&tlaceae; Fusarlum; Protozoa; 
Nemathelmlnthes; and Platyhelmlnthas . 

More specifically, there can be mentioned 
retroviruses such as HIV-2f HTLV-l and HTLV-2 and 

5 herpesviruses such as BSV-lr V2V, EBV, CMV, and 

The host, whether biological or non-biologicalf 
^onld be capable of si^qporting r^licatlon of an 
infectious agent by allowing the infectious agrat to 
10 replicate in or on the host . Examples of such hosts 

Include liquid or solid in vitro culture media, cells or 
tissues of animals, plants or unicellular organisms, 
whole organisms including mammals such as humans. 
In a fourth embodiment, the infect ivity assay 
15 comprises: 

a) allowing an ixifectious agent to replicate in 
or on a host capable of supporting replication of the 
infectious agent; 

b) preparing the product of step (a) for 

20 hybridization in a solution containing a chaotrppic 
agent; 

c) reacting the product of step (b) with a 
capture probe to which is attached a first member of a 
specific binding pair and a chaotropically insensitive 

25 reporter probe to which is attached a member of a 

specific binding pair different from the first member 
attached to the capture probe directly in the solution 
containing the chaotropic agent to form an immobilized 
capture probe - target nucleic acid - chaotropically 

30 insensitive reporter probe complex wherein the reporter 
probe- is coioplementary to a portion of the target 
nucleic probe not including the portion to which the 
capture probe hji^ridizes; 

d) diluting the chaotrapic solution containing 
35 the product of step (c) to a concentration whicdi permits 
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binding of the first member of the binding pair used for 
immobilization to a second member of the binding pair; 

e) immobilizing the product of step (d) on a 
support to which is attached the second member of the 
specific binding pain 

f ) removing substantially all non-immobilized 
coniponents; 

g) reacting the product of step (f > with the 
other member of the reporter binding pair to which is 
attached a detectable label to form a capture probe - 
target nucleic acid - chaotropically insensitive 
reporter probe - specific binding pair- detectable label 
conplex; 

h> removing substantially all unreacted 
components; and 

i) detecting and/or quantitating the product of 
step (h) . 

In a fifth embodiment, this assay can be used to 
evaluate anti-infectious agent activltyr i.e./ the 
ability of a compound to inhibit replication of an 
infectious agent without seriously adversely affecting 
the host/ of a compound which comprises; 

a) contacting a host capable of supporting 
replication of an infectious agent with a coxqpound 
suspected to have anti-infectious agent activity and the 
infectious agent wherein the compound can be added 
before, after or with the infectious agent; 

b) allowing the infectious agent to attempt to 
replicate; 

c) preparing the product of step (b) for 
hybridization In a solution containing a chaotrppic 
agent; 

d) reacting the product of step (c) with a 
capture probe to which is attached a first member of a 
specific binding pair directly in the solution 
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containing the chaotrcpic agent to form a capture pzctoe 
- target nndelc aqid complex; 

e) diluting the chaotropic solution containing 
the product of atep (d) to a concentration which permits 

5 binding of the first member of the binding pair to a 
second xrteinber of the binding pair; 

f ) immobilizing the product of step (e) on a 
support to irtilch is attached the second member of the 
binding pair; 

10 g) removing substantially all non**immobilized 

cozziponents-; 

h) sreacting a reporter probe Kith immobilized 
capture probe - target nucleic acid comple3t to form an 
immobilized capture probe - target nucleic acid - 

15 reporter probe complex wherein the reporter probe is 
complementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

1) removing substantially all unreacted areporter 
20 probe; and 

i) . determining the anti-infectious agent activity 
of the compound by detecting and/or quantitatlng the 
product of at^ (1) • 

In a sixth exnbodlment, evaluation of anti- 
25 infectious agent activity can be made by 

a) contacting a host capable of supporting 
replication of em infectious agent with a compound 
suspected to have anti-infectious agent activity and the 
infectious agent wherein the compound can be added 
30 before, after or with the infectious agent; 

b} allowing the infectious agent to attexspt to 
replicate; 

c) preparing the product of step (b) for 
hybridization in a solution containing a chaotropic 
35 agezit; 
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d) reacting the product of atep (c) with a 
capture probe to vhich is attached a first member of a 
specific binding pair and a chaotropically insensitive 
re^rter probe to which is attached a mezziber of a 

5 specific bindijig pair different from the first mexnber 
attached to the capture probe directly In the solution 
containing the chaotroplo agent to form a capture probe 
- target nucleic acid - chaotropically insensitive 
reporter probe complex lAerein the r^orter probe is 
10 coxBplementary to a portion of the target nucleic probe 
not including the portion to which the capture probe 
hybridizes; 

e) diluting the chaotropic solution containing 
the product of step (d) to a concentration which permits 

15 binding of the first meinber of the binding pair used for 
Immobilization to a second mexnber of the binding pair; 

f) Immobilizing the product of step (e) on a 
support to Ydilch is attached the second meniber of the 
specific binding pair; 

20 g) removing substantially all non-immdbillzed 

components; 

h) reacting the product of step (g) with the 
other member of the reporter binding pair to which is 
attached detectable label to form a capture probe 

25 target nucleic acid - chaotropically insensitive 

reporter probe - specific binding pair^-detectable label 
conqplex; 

i) removing substantially all unreacted reporter 
probe; and 

30 j) detezzalning the anti-infectious agent activity 

of the conpound by detecting and/or quant itatlng the 
product of step (1) . 

In a seventh enibodiment, this Invention concerns 
evaluating anti-^IV activity of a compound, i.e., the 
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ability of a compound to inhibit replication of HIV 
without seriously adversely affecting the boat, by: 

a) contacting- a host capable of supporting 
replication of BT7 with a compound suspected to have 
anti-HIV activity and HIV wherein the coinpound can be 
added before, after or with HIV; 

b) allowing H^ to attesqpt to replicate; 
c> pr^aring the product of step (b) for 

hybridization in a solution containing guanidlnium 
isothiocyanate; 

d) reacting the product of step (c) with a 
biotinylated capture probe directly in the solution 
containing guanidlnium isothiocyanate to form a capture 
probe - HIV RH& complex; 

e) diluting the chaotropic solution containing 
the product of step (d) to a concentration which permits 
binding of biotin to streptavidin; 

f ) immbbilizing the product of step (e) on a 
support to which la atta^ied streptavidin; 

g} iremoving si^stantially all non-immobilized 
coitponents; 

h) reacting the product of step (g) with an 
enzyme-labeled reporter probe to form an iiAmdbilized 
capture probe - HIV RKA - enzyme labeled reporter probe 
con5>lex wherein the reporter probe is complementary to a 
portion of the HIV RNA not including the portion to 
vhich the capture probe hybridizes; 

1) removing substantially all unreacted reporter 
probe; and 

j) detecting and/or quantitatlng the product of 
step (1). 

The following examples illustrate the Invention but 
should not be construed as a limitation thereon. 
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EXftMPLES 

nmv PTASMTnfi amp t» i/ttbo rka toakscrtpts 
PDAS 72 contains both the "gag* and *pol' sequences 
5 of HIV BBIO (nucleotide positions 113-1816 corresponding 
to nucleotide positions 792-2456 of BXB2) which were 
cloned into PTZ 19R as described in Erickson-Vitanen, 
et al., AIDS Research and Hunan Ketroviruses, Vol. 5(6), 
pp. 577-591 (1989) the disclosxnre of which is hereby 

10 incorporated by reference. Plasmid pDAB 72 was 

• linearized with Bam HI. pl22 plasmid, containing the 
Hind III "a" fragment of HCMV Adl69, was constructed by 
Insertion of the 2.1 Kb Hind III "a'' fragment of HCMV 
Adl69 DNA (nucleotide positions 127048-129168) into the 

15 Hind III site of Bluescribe H-i- (Stratagene, La Jolla, 

CA) • pi32 plasmid, containing the Hind III "b" fragment 
of RCtN Adl69, was constructed by insertion of the 
1.46 Kb Hind III "b** fragment of HCMV Adl69 (nucleotide 
positions 119901 to 121372) into the Hind III site of 

20 pGEM 2 (Promega, Madison, WI) • 

Jn vitro RNA transcripts were generated using the 
Riboprobe Gemini System II Kit (Promega, Madison, WI) . 
In vitro RNA transcripts of PDAB and pl32 were generated 
using T7 RKA polymerase while in vitro RNA transcripts 

25 of pl22 were generated using T3 RNA polymerase. The 
transcript RNAs were purified following synthesis by 
treatment with RMAse free DNAse (Promega) , followed by 
phenol-chloroform extraction and subsequent ethanol 
precipitation. RNA transcripts were redissolved in 

30 O.OIM Txls, pH 7.5, O.OOIM EDTA, and stored at -70''C. 
The concentration of the RNA was determined in a 
spectrophotometer by measuring the absorbance at 260nm. 
The integrity of the RNA transcripts was checked by 
agarose gel electrophoresis. 
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BXAMPT.g 9 
CAPTITRB awn PttPQTtTCT PBnRgg 

Biotlnylated capture probes were synthesized on an 
AEpl±«d Biosystems (Foster City, CA) Dm Bynthesizer by 
5 addition of biotin to the 5 ' terminal end of the 
oligonucleotide, using biotin-phosphoranidite as 
described in Patent No. 4,908,453, the disclosure 

of which is hereby incorporated by reference. The HIV-1 
*gag* biotlnylated e^tnre probe was: 
10 S • -biotin . . ^CTAeCTCCCTGCTTGCCCaaaCTA. . . 3 » 

and is con5>lementary to nucleotides 889-913 of EXB2. 
The HIV-1 'pol' blotinylated capture probe is: 

5 '-biotin. , .CCCTftTCATTTTTGGTTTCCAT. . .3 • 
and is compiementary to positions 2374-2395 of BXB2, and 
15 the BOMV 'MCP' blotinylated capture probe is: 

5* biotla.,.06TaaGGCCTCAa2«:&TCTCCTCGC, ..3». 
Blotinylated capture oligos are purified by BPLC. The 
SOPr 'ppes* blotinylated capture probe is: 

5 < biotiu. . . C&GCaaaTCG3m^C6AKiU&6Aa6a6C6CAGCCa.. . . 3 ' . 
20 Alkaline phosphatase (AP) conjugated oligos used as 

reporter probes we£e prepared by Syngene (San Diego, 
CA) . The HIV-1 'pol' AP reporter probe was prepared 
from highly conserved sequences of the 'pol' region of 
HIV-I as set forth in "Human Retroviruses and AIDS. A 
25 compilation and Analysis of Nucleic Acid and Amino Acid 
Sequences", Gerald Myers, V. Berzofsky, Arnold Rabsoa, 
Flossie Wong-Staal (eds.). Theoretical Biology and 
Biophysics Graop (publisher), Los Alamos National 
Laboratory, Los Alamos, NM 87545. 
30 The HlV-1 »gag» AP reporter probe is: 

5' . . .CCCAGTaTTTGTCTACASCCTTCT. . .3 • 
and is complementary to nucleotides 950-973 of HXB2 . 
The wasfr 'MCP* AP reporter prc^e is: 

5' TCC(S^T&lkATATTGTAAC6CTCG 3 * 
35 and the 'pp$5* AP r^orter probe is: 
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5 ' CACAGCAGCCCAAAATGCTCGTGTG 3 ' . 
All nucleotide positions are those as described in 
the GenBank (c/o IntelliGenetics, Inc, 700 E. El Camino 
Real, Mountain View, CA 94090) Genetic Sequence Data 
Bank. The AP reporter probes are prepared at 0.5|iH 
stocks in (2 X standard saline citrate (SSC) , ( • 15M 
NaCl, .015 sodium citrate) 0.05M Tris pH e«B, Img/ml 
BSA) and the capture probes are prqpared as 100|iM stocks 
in water. 

PREPARATION QF STRKPTAVTDIN rOATFn PTATEfl 

Nunc-in&minomodule microtiter plate strips were 
coated by addition of 200J11 of streptavidin (30|ll/mlf 
Scripps, La Jolla, CA) in freshly prepared lOmM sodium 
carbonate pH 9.6. Plates were incubated overnight at 
4^C. The streptavidin solution was aspirated from the 
wells and 200|a of blocking buffer coaposed of IX PBS, 
20mg/ml bovine serum albumin (crystaline, nuclease and 
protease free - Calbiochem Catalog nuxEA>er 12657) and 
lOOmg/ml lactose (Sigma, St« Louis, KO) was added. The 
platea are left for three hours at rom tenqperature . 
Blocking buffer was removed from the wells, which were 
allowed to dry overnight at room temperature, and 
subsequently stored at 4*^C in zip lock bag3 with 
desiccant. 

EXAMPT.F, 4 
PRRPARATTON OP VTPTTg ^TOCK^ 

A laboratory strain of HIV^l (HIV RF) was 
propagated in B9 cells in RPMI 1640, 5% fetal calf serum 
(FCS), glutamine and gentamycin. H9 cells can be 
obtained from the AIDS Research and Reference Reagent 
Program, U.S. Dept. of Health and Human Services, NXH, 
Bethesda, HD« Virus 8tock3 were prepared approximately 
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one montli after acute Infection of H9 cells by 
clarification of ttie tlseue culture medium^ and stored 
in allquots at -70^C. Bach aliquot of virus stock used 
for infection was thawed only once. 

fiXMiPLB 5 

BX7-1 infected cells were pelleted by 
centrifugation. After removal of the st^exnatant the 
cells were resuspended at a concentration of 
IxlO'^ qells/ml in 5M guanldlnlum isothiocyanate solution 
(6ED) (5 M guanldlnlum isothiocyanate (Sigzna) , O.IH 
EDTA^ 10% dertjran sulfate) . Alternately,, cells grown In 
blotin free tissue culture mediiim were mixed with 5M 6ED 
to a final concentration of 3M guanldlnlum 
Isothlocyanater O.Q€K EDTA, and 6% dextran sulfate. 

EXBMPLS 

DETECTION OF EIV-1 JHf VJTRO BKA TRANSCRIPTS 
VITS *G2^* PROBE SET IN THE PRESENCE 
QR aBSRKCR OF TTWTWTOrTCP CBTX T.YfiaTB.Q 

A series of HIV-1 RNA transcripts ranging from 
0.03ng to 30ng were added to 5M guanldlnlum 
isothiocyanate solution (GED) (5M guanldlnlum 
isothiocyanate (Sigma), 0,1M EDTA, 10% dextran sulfate^ 
with or without uninfected MT-2 cell lysate and with 
blotlnylated *gag' capture ollgo to a final GED 
concentration of 3m and a final blotin ollgo 
concentration of 50nM in a final volume of lOOfll, 
Hybridization was carried out overnight at 37**C in 
sealed polypropylene tubes. Each sanqple was diluted 
three-fold with deionlzed water to a final GED 
concentration of IH and allquots (120^.1) and transferred 
to streptavidin coated microtlter plate wells. The 
blotin oligo-RNA oonplex solution was incubated with the 
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one montli after acute infection of H9 cells by 
clarification of tlie tlsaue culture medium,, and stored 
in allquots at -70*^0, Bach, aliquot of virus stock used 
for Infection was thawed only once. 

5 

EX7-1 infected cells were pelleted by 
centrlfugation. After removal of the supernatant the 

10 cells were resuspended at a concentration of 

1x10"' cells/ml in 5M guanidinlum isothlocyanate solution 
(6ED> (5 M guanidinlum isothlocyanate (Sigma) ^ O.IM 
EDTA, 10% dextran sulfate) . Alternately^ cells grown in 
blotin free tissue culture medlxna were mixed with 5H 6ED 

15 to a finaJL concentration of 3M guanidinlum 

isothlocyanate, 0.06M £DT&, and 6% dextran sulfate. 

EXMffLB 

DEXECTZON OF EIV-l Uf VITRO BNA roANSCRIFTS 
20 WZTB <GIUS< PBOBE SET IN THE PRESENCE 

A series of HIV-1 BNA transcripts ranging from 
0 . OBng to 30ng were added to 5H guanldlnlnm 
isothlocyanate solution (GED) (5M guanidinlum 

25 Isothlocyanate (Sigma), 0«1M EDTA, 10% dextran sulfate) 
with or without uninfected Mr-2 cell lysate and with 
blotinylated 'gag' capture oligo to a final GED 
concentration of 3M and a final blotin oligo 
concentration of 50nM in a final volume of lOOpl. 

30 Hybridization was carried out overnight at 37^C in 
sealed polyprppylene tubes* Each sample was diluted 
three-fold with delonized water to a final GED 
concentration of IM and allquots (120)11) and transferred 
to streptavidln coated mlcrotiter plate wells, ^e 

35 blotin ollgo-HNA conqplex solution was Incubated with the 
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Ixranobilized streptavidln for two hours at room 
temperature^ after wliich the plates vere washed six 
times with OuPont ELISA plate wash buffer (phosphate 
buffered saline (PBS>/0.05% Tween 20) with a Denley 
plate washer. A second hybridization was carried out by 
adding I20fa of h^ridization cocktail containing 4X 
standard saline citrate (.15M NaCl, .015 sodium citrate) 
(SSC), 0.66% Triton X-100 and 6.66% deionized formamide, 
Img/ml bovine serum albumin (BSA) and 5nH *gag' AP 
reporter oligo to each well. After hybridization for 
one hour at 37^0, the plate was again washed six times 
JLn PBS/0.05% Tween 20. Alkaline phosphatase activity 
was detected by addition of 100^1 of substrate detection 
buffer, consisting of: 0.2mM 4-methylumbelliferyl 
phosphate (MDBPr JBL Scientific) in 2,5M diethanolamine 
pH 8 . 9 (JBL) , lOtiiM MgCl2f 5iiiH Zinc acetate dihydrate, 
and 5mM n-hydroxyethyl-ethylene-diamine-triacetic acid. 
The plates were incubated at 37^0. Periodic readings 
were made over a 5.5 hour period using a microplate 
fluorometer (Dynateck) exciting at 36Snm and emitting at 
450nm. The limit of detection (Figure 1) was 
approximately O.OSng of pDAB 72 in vitro RNA transcript 
RNA, or approximately IxlO'' copies of RNA, A signal to 
noise ratio (S/N) of 2/1 or greater is considered to a 
be positive response in the assay. Inclusion of lysate 
from uninfected MT-2 cells reduced the signal intensity 
in the RNA assay. Nevertheless, even in the presence of 
uninfected cell lysate, the assay can detect 0.3ng of 
pDAB 72 RNA transcript. 

EXAMPTiB 7 

ASSAY OF PTTRTFTTO HTV^l RKA WTTH iPOT.i ppftBTg ftCT 
A series of purified RIV-1 RNA samples ranging from 
0.03ng to 30ng of RNA were added to 5M guanidinium 
isothiocyanate (6ED) solution (5M guanidinium 
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Isotliio^anate (Sigxoa) ,^ O.IH EDTA, 10% dextran sulfate) 
wLtlx or vlthoiit uninfected MT-2 cell lysate and 
blotlnylated *pol* capture oligo to a final GED 
concentration of 3H and a final biotin oligo 
5 concentration of 50nM in a final volume of 100|il. 
Hybridization waa caocried out overnight at 37^C in 
sealed polypropylene tubes. Eabb sainple vas diluted 
three-fold vith deionized water to a final GED 
concentration of IK and aliquots (120|ll) transferred to 

10 streptavidin coated microtiter plates wells. Sie biotin 
oligo-SKA coinplex solution was incubated with the 
immobilized streptavidin for two hours at room 
tezxtperature,' after which the plates were washed six 
times with DuPont ELISA plate wash buffer (phosphate 

15 buffered saline (PBS) /0. 05% Tween 20) with a Denley 

plate washer. A second hybridization was carried out by 
adding 120(Ll of hybridization cocktail containing 4X 
standard saline citrate (»15M NaCl, .015 sodium citrate) 
(SSC)r 0.66% Triton X-100 and 6.66% deionlzed formamide, 

20 1 xng/ml bovine serum albumin (BSA) and 5nH *pal' AP 
reporter oligo to. each well. After hybridization for 
one hour at 37^C, the plate was again washed six times 
in PBS/0.05% Tween 20. AUu^ine phosphatase activity 
was detected by addition of lOOfll of substrate detection 

25 buffer, consist'ing of: 0.2mM 4-iaethyluziibelliferyl 

phosphate (MDBP, JEL Scientific) in 2.5H diethanolamine 
pH 6.9 (JBL)/ lOzn^ MgClz, SmM Zinc acetate dihydrate, 
and SiriM n-hydroxyethyl-ethylene-diamine-triacetic acid. 
The plates were incubated at 37^C. Periodic readings 

30 were made over a 5.5 hour period using a micrpplate 

fluorometer (Dynateclc) exciting at 365nm and emitting at 
450nm« The limit of detection (Figure 2) was 
approximately 0.3 ng of pDAB 72 In vitro BKA transcript 
BKAr or approximately 5x10^ c^ies of BHA. Inclusion of 

35 lysate from uninfected MT-2 cells reduced the signal 
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Intensity In the RNA assay. Nevertheless, even in the 
presence of uninfected cell lysate, the assay can detect 
1.0 ng of pDAB 72 RNA transcript, 

5 gyAMPT.P. ft 

HIV-1 Infected cell lysates from HT-2 cells grown 
for 24, 48 and 72 hours after Infection with different 
Initial multiplicities of infection (HOI, e.g., TCID 50 

10 per cell) of HIV-1 RF were prepared by the cell 

pelleting method as described in Exasqple 5,. The tissue 
culture Infectious dose (TCID 50) for HIV-1 RP stocks 
were determined In MT-2 cells by a modification of the 
method of Johnson et al., " Infect ivlty Assay", 

15 Techniques in HIV Research, Aldovina et al. (1990) 

wherein the tissue culture medium was not changed after 
four days. 40)a of the lysate and 5)11 of luM 
biotlnylated *pol* ollgo were combined with 6ED to a 
final volume of 100)11 and a GED conoentratlon of 3M and 

20 a final biotlnylated 'pol* ollgo concentration of 50nM, 
Hybridization was carried out overnight at 37^C in 
sealed polypropylene tubes. Each sample was diluted 
three-fold with delonized water to a final GED 
concentration of IM and aliquot s (120|ll) transferred to 

25 streptavidln coated microtiter plate wells. The biotin 
oligo-RUA coR^>lex solution was Incubated with the 
immobilized streptavidin for two hours at room 
temperature, after which the plates were washed six 
times with DuPont ELISA plate wash buffer (phosphate 

30 buffered saline (PBS) /0. 05% Tween 20} with a Denley 

plate washer. A second h^rldlzatlon was carried out by 
adding 120)ll of hybridization cocktail containing 4X 
standard saline dltrate (.15H NaCl, .015 sodium citrate) 
(SSC), 0.66% Triton X-100 and 6.66% delonized fomamide, 

35 Img/ml bovine serum albumin (BSA) and SnM *pol* AP 
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zeporter ollgo t:o eadi Kell. After hybridization for 
one hour at 37^0^ the plate was again washed six times 
in PBS/0.05% Tween 20. Allcaline phos^atase activity 
was detected by addition of lOO^Q of substrate detection 
5 buffer, consisting of: 0.2znH 4-methyluiDbelliferyl 

phosphate WUBB, JBL Scientific) in 2.5M diethanolamine 
pH 8.9 (JBIi)^ lOioM MgCl2, SnOf Zinc acetate dihydrate, 
and Sam n«-hydroxy6thyl^thylene--diamine-triacetic acid. 
The plates were incubated at 37*C. Fluorescence was 

10 measured uaing a micrpplate fluorometer (Dynateck) 

exciting at 365nia and od^tting at 45Qnm. The results, 
as indicated in Figure 3, showed that the assay method 
detected EXV-1 RMA produced in infected MT-2 cells. An 
increase in RK& level per cell was obseanred with 

15 increasing time of culture after infection. At M0I*8 
greater than 1 for cells cultured 72 hours after 
infection the level of HIV--1 PNA was diminished by cell 
death that occurs as a result of extensive virus 
replication. 

20 

MICROTITER PIATE BASED COMPOOND EVALUATION 
IN HTY-1 IMFECTED HT-2 CRTiTiS 
Confounds to be evaluated for antiviral activity 
25 were dissolved in DHSO and diluted at least. 1:50 in 
culture medium, to 2X the highest concentration to be 
tested. Further, three-fold serial dilutions of the 
contpound in culture medixm were performed directly in U 
bottom microtiter plates (Nunc) . After compoxznd 
30 dilution, ITT-^l cells, which had been sub-cultured one 
day prior to infection, were added to a final 
concentration of 5 x 10^ cells/ml (1 x 10^ cells/well) . 
Cells were incubated with confounds in a volume of 150^1 
for 30 minutes at 37^C in a CQ2 incubator. For 
35 evaluation of antiviral potency, appropriate dilutions 
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of HIV RF virus stock (50^1) were added to culture wells 
coDtaining the cells and the dilutions of the compounds 
to be tested. Eight wells per plate were left 
uninfected with 50^11 of medium added instead of virus, 
5 while eight wells were infected in the absence of any 
antiviral conqpound. For evaluation of conpound 
toxicity, parallel plates were cultured without virus 
Infection. After three days of culture at 37^C in a 
humidified chatia>er inside a CQ2 incubator, all but 25|a 
10 of medium/well was removed from the KIV infected plates. 
37^1 Of 5M GBD containing the biotinylated capture oligo 
was added to the remaining medium and settled cells in 
each well to a final concentration of 3M 6ED, 50nM 
biotinylated capture oligo. Hybridization of the 

15 biotinylated capture oligo to HIV-1 RNA In the cell 
lysate was carried out in the same microplate well by 
sealing the plate and incubating for 16-20 hours in a 
37*^0 incubator. 124fil of distilled water was added to 
each well to dilute the hybridization reaction three- 

20 fold, and ISOfU aliquots of this diluted mixture was 
transferred to streptavidin coated microtiter plate 
wells. The biotin oligo-RNA complex solution was 
incubated with the immobilized streptavidin for two 
hours at room temperature, after which the plates were 

25 washed six times with DuPont ELISA plate wash buffer 

(phosphate buffered saline (PBS)/O.0S% Tween 20) with a 
Denley plate washer. A second hybridization was carried 
out by adding 120|Jll of hybridization cocktail containing 
4X standard saline citrate (.15M NaCl, .015 sodium 

30 citrate) (SSC), 0.66% Triton X-100 and 6.66% deionized 
formamide, Img/ml bovine serum albumin (BSA) and 5nM 
■gag' AP reporter oligo to each well. After 
hybridization for one hour at 37®C, the plate was again 
washed six times in FBS/0.05% Tween 20. Alkaline 

35 phosphatase activity was detected by addition of lOO^Q 
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of substeate detection buffezr consisting of: 0.2inM 4- 
netliylunbelliferyl phosphate (MDBP, JBL Scientific) in 
2«5M dlethanolamine pH 8.9 (JBL>, lOstH MgCl2# 5idM Zinc 
acetate dihydrater and SrfiM n-hydroxyethyl-ethylene- 
5 diamlne-^riacetic add. The plates were incnbated at 
37^C and the fluorescence produced measured in a 
microplate fluorometer (Oynateck) exciting at 36Snm and 
eioittlng at 450nm, A standard curve, prepared by adding 
known amounts of pD£B 72 in vitro BHA transcript to 

10 wells containing lysed, uninfected cells, was run on 
each microtlter plate. 

As shown in Example 12 below, the IC90 determined 
for an effective antl-vlral oon^und can vary depending 
on the Initial multiplicity of infection (MOD « In 

15 order to standardize the virus innoculum used in the 

evaluation of compounds for antl-^iral efficacy, a dose 
reponse to ddC was determined at several different 
dilutions of each virus stock to be used. A dilution of 
each stock of EIV BF virus stock which gaven an IC90 for 

20 ddC of 0.2ug/ml was selected and used in subsequent 
con^iound evaluation assays r nhdi the virus Innoculum 
was standardized in this manner, the IC90 values for 
anit^vlral compotmds both more and less potent than ddC 
were reproducible even when aliquots of different stocks 

25 of BF virus were used. 

Those skilled In the art will appreciate that other 
strains of BI7 can be utilized* In addition, other host 
cells can be utilized. 

In order to assess the potential cytotoxicity of 

30 conipounds being evaluated for antiviral efficacy, an ITIT 
dye reduction assay was performed at the end of the 
three day culture period on the parallel, uninfected, 
but compound treated cultures . 10)a of HIT ( (Sigma) , 
5mg/ml in PBS) were added to each microplate well, which 

35 were further incubated at 37^C for two hours in a CO2 
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Incubator. 150p.L of the supernatant medium was then 
removed from each well, leaving the settled cells 
(contalnlncf variable amounts of purple Insoluble reduced 
HTT dye) . Reduced MTT dye was solubilized by addition 
5 of 200fa of 0.04 N HCl in isbprppanol with multiple up 
and down pipettings of the cells in the well, 
Solubilized HTT dye product was quantitated using an 
ELISA microplate reader at 570nm. All manipulations in 
microtlter plates, following the initial addition of 2X 
10 concentrated compound solution to a single row of wells, 
were performed using a Perkin Elmer/Cetus Propette. 
Data from the MTT assay readout from the ELISA 
microplate reader and the HIV-1 RNA assay readout were 
transferred directly to a Macintosh Excel spreadsheet. 

15 

EVALUATION OF THE ANTI-HIV-1 EFFICACY OF 
CYCLQHRXftMTDR, nT^ngnwrYTTnTire awn y.Tind 

The microtiter plate compound evaluation assay 

20 described in Example 9 above was ea3>loyed to evaluate 
the efficacy of cyclohexamide, di-deoxycytidlne (ddC) 
and XJ104 <N,H»-bis Itert-butbxycarbonyl-valyl 1-1,6- 
diphenyl-'2S, 5S-diamino~3R/ 4R-dihydroxy (tri-^ 
phenylphosphine adduct) --hexane) as described in 

25 W091/18866, the disclosure of which is hereby 

incorporated by reference, utilizing the fllV-1 'gag' 
capture and reporter probes described in Exan5)le 2. 

In the figures below the IC90 and TC50 are 
indicated. The IC90 in the RNA assay is the 

30 concentration of compound reqpiired to reduce the level 
of HIV-1 BKA produced in an infected, untreated culture 
by 90%. TC50 is the eoncentration of conpound required 
to reduce the absorbance at 570nm in the MTT assay as 
described in Example 9 by 50%« For the determination 

35 that a compound has a specific anti*-viral effect, the 
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IC90 for the conrpound as determined in the BNA detection 
assay should be lover than the TC50 for the costponnd as 
determined in the MTT cytotoxicity assay. For tlie three 
compounds testedr ddC (Figure 5) displays anti-^iral 
5 efficacy because the IC90 value of 0.13fl9/ml is 

significantly lower than the TC50 value of >50^/ml. 
For cyclohexamide (Figure 4) vith IC90 and TC50 values 
of 0.45jXg/ml and 0.45^g/ml respectively^ and for XJ104 
(Figure 6) with 1C90 and TC50 values of 30^g/ml and 
10 2{lg/ml respectively, no specific anti-viral efficacy is 
apparent. A compound having a TC50 to IC90 ratio of 
greater than 3 was regarded as possessing antiviral 
efficacy. 

15 RmMPLFi 11 

HIV YIELD REPUCTIQN ftSSftT 
a human T-cell line (AIDS Research and 
Reference Reagent Program, U.S. Department of Health and 
Brnnan Services, itlH, Bethesda, HD) , was cultured in RPBI 

20 1640 medium si^lemented with 5% (v/v) heat inactivated 
fetal calf serum (FCS), 2inM L^glutamine and 50|ig/ffll 
gentaxEQrcin* Human immanodeficiracy virus strains, HIV 
IIXB and HIV RF were prc^agated in H9 cells in RPMX 1640 
with 5% FCS. PolyL-lysine (Sigma) coated cell culture 

25 plates were prepared according to the method of Harada 
et al. (Science 229:563-566 (1985)). MTT, 3-(4,5- 
dimethylthlazol-2yl) -2, 5-diphenyltetrazolium bromide, 
was obtained from Sigma. 

Test compounds were dissolved in dimethylsulf oxide 

30 to 5mg/ml and serially diluted into RPMI 1640 medium to 
10 times the desired final concentration. 111-2 cells 
(5 X lOVml) in 2.3ml were mixed with 0.3ml of the 
appropriate test compound solution and allowed to sit 
for 30 minutes at room tenperature* HIV-1 IIIB or HIV-1 

35 BF virus (-^5 x 10^ plaque forming units /ml) in 0.375ml 



wo 93/20234 



41 



PCT/US93/02794 



was added to the cell and confound mixtures and 
Incubated for one hour at 36^C. The mixtures were 
centrifuged at 1000 rpm for 10 minutes and the 
supernatant 8 containing unattached virus were discarded. 
5 The cell pellets were suspended in fresh BPMI 1640 
containing the appropriate concentrations of test 
compound and placed in a 36^0^ 4% CO2 incubator. Virus 
was allowed to replicate for three days. Cultures were 
centrifuged for 10 minutes at 1000 rpm and the 
10 supematants containing cell f:ree progeny virus removed 
for plaque assay. Virus suspensions were serially 
diluted in KPMI 1640 and 1.0ml of each dilution added to 
9ml of MT-2 cells in RPMI 1640. Cells and virus were 
incubated for three hours at Se'^C to allow for efficient 
15 attachment of the virus to cells. Each virus and cell 
mixture was aliquoted equally to two wells of a six well 
poly-L-lysine coated culture plate and incubated 
overnight at 36^C, 4% CO2. Liquid and unattached cells 
were removed prior to the addition of 1.5ml of SPMl 1640 
20 with 0.75% (w/v) Seaplaque agarose (PMC Corp) and 5% 

FCS. Plates were incubated for three days and a second 
RPMI 1640/agarose overlay added. After an additional 
three days at 36*C^ 4% CO2, a final overlay of PBS with 
0.75% Seaplaque agarose and Img/ml MTT was added. The 
25 plates we;re incubated overnight at 36®C- Clear plaques 
on a purple background were counted and the ntimber of 
plaque forming units of virus calculated for each 
sample. The virus titers of the progeny virus produced 
in tbe presence or absence of test confounds was 
30 determined by plaque assay as described above. The 

antiviral activity of test cosqx>unds was determined by 
the percent reduction in the virus titer with respect to 
virus grown in the absence of any inhibitors. 
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CORRELATION BETWEEN HIV-1 RNA ASSAY 

5 cells vere infected toy nsuspenalon in mediisn 

(Dulbecco*^ Modified Eagles, 5% Fetal calf sermAr 
SOug/sil glutandne/ SOug/ml gehtamycin) containing either 
1 z 10^ TCID 50/ml (Figures 7and 9) or 2.5 x 10^ TCID 
50/ml of EIV RF virus {Figures 8 and 9) to a final 

10 concentration of 5 x 10^ cells/ml, trith or without 
various concentrations of AZT or P9941 vdiich is 
{2S, 3Rr 4Rr 5S) -N, N« • [ (2-pyridylacetyl) -L-isoleucyll -2 , 5- 
diaiaino-ly 6-diphenyl-hexane-3r 4-diol as described in 
W091/18866^ the disclosure of which is incorporated by 

15 reference. After incubation for four hours at 37**C, the 
cells were pelleted, the supernatant medium removed/ and 
cells resuspended in an equal volume of medium +/- 
compound without added virus. Culture was continued for 
a total of 72 hours at 37^C after which time cells were 

20 pelleted^ lysed by addition of 5M GEO, and stored frozen 
at -70^C until quantitation of HIV-1 rna by the method 
described in Example 8 except that the *gag' 
capture/reporter probe set as described in Example 2 was 
eic^loyed. Stxpematant medium from each sample was 

25 frozen at -120*C until determination of yield of 

infectious virus by plaque assay as described in Exanple 
11. As shown in Figures 7 and 8/ there is a close 
correlation between the levels of HIV RKA in the 
infected cells, and the amount of cell free infectious 

30 virus produced in the prctsence of AZT. As shown in 

Figure 9, there is a close correlation between the level 
of EIV-1 RNA in the infected cells, and the amount of 
cell free infectious virus produced in the presence of 
P9941. Both cell associated RNA and yield of infectious 

35 virus were reduced by treatment with either AZT, a 
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reverse transcriptase inhibitor, or P9941, an inhibitox^ 
of the HIV encoded protease. The concentration of AZT 
or P9941 required to inhibit HIV-1 BNA by 90% (IC90) was 
equivalent to the concentration of AZT or P9941 required 
5 to inhibit the yield of infectious virus by 90% (IC90) • 
The concentrations of antiviral confound required to 
inhibit either HIV-1 RNA or yield of infectious virus by 
90% (IC90) were very aimilar. For both HIV BNA and 
yield of infectious virus, this IC90 value was affected 
10 by the initial HOI (Table 1) « 



TABTiE 1 

HIV-l RNA and Yield of Infectious Virus 
IC90 values for AZT and P9941 



CowpQund 
P9941 



Time after 
Infftctinn 

72 hrs 



Assay 
Mftthod 

BNA 
PFD 



HQI"2.0 

1.5 ug/ml 
1«0 ug/iol 



0.55 ug/ml 
0.38 ug/ml 



AZT 



72 hrs RNA 0.2 ug/ml 

PPO 0.28 ug/ml 



0.12 ug/ml 
0.09 ug/ml 



INDEPENDENT CONFIRMATION OF THE CORRELATION 
BETWEEN THE HIV-1 RNA IC90 AND 

15 In a comparison of the flIV-1 RNA assay and the 

yield reduction assay, the dose response in each assay 
to a variety of cornpoundSr including known antiviral 
compounds of differing, potency^ was independently 
determined. IC90 values determined independently in the 

20 HIV RNA assay as described in Example 9, except that the 
"gag* capture/reporter probe set as described in Example 
2 was exnployed/ and the yield reduction assay as 
described in Exanq^le 11 was employed with a separate 
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sangple In a separate infection (Figure 10) . The data 
shown represent independent determinations of the IC90 
values for ra* growing in MT-2 cells made in 

different laboratories hy the two different methods. 
Each point represents a distinct con?)ound for which both 
determinations were made« These results indicate that 
when using a standardized innoculum of HIV-l rf virus, 
IC90 values dietermined in the EIV-1 BKA assay correlated 
with values determined in the yield reduction assay* 

CC»!PARISON OF AP-OItlGO AND PITC-OLIGO 
WTTR RP j^WTT-yTTT AlWTRn OY DRTCrTTnW 

PDAE 72 in vdtro RNA transcripts and the 'gag* 
biotin capture oligo as described in E^caxnple 2 were 
combined in a hybridization solution with 3M guanidinium 
isothiocyanate, O.Ofiti EDTA, 6% dextran sulfate. 
Uninfected Mr-2 cell lysate (40|a of lysate prepared 
from 1 X 10^ cells/ml per 200|a hybridization solution) 
was added to some sanples. *6ag' biotin capture oligo 
was employed at a final concentration of 50nM. After 
incubation at 37'*C for 16 hours the saxnples were diluted 
1:3 with distilled water, and ISOftl aliqpiots transferred 
to streptavidin coated microtiter plate wells. After 
incubation for two hours at room tCTtperaturer the plates 
were washed six times in DuPont Plate WSash Buffer, 
Reporter oligo hybridization mixes ^ in which the AP or 
fluorescein isothiocyanate (FITC) reporter oligo was 
present at SnM, were added and incubation continued for 
one hour at 37*C^ All wells were again washed six times 
in DuPont Plate Wash Bufferr For completion of the 
indirect detection with FiTC-oligo reporter, a coclctail 
containing antibody dilution buffer (IX PBS, 0.05% Tween 
20, 1% BSA, 2.5% mouse serum), 2)ll/ml of AP labeled 
anti-FlTC antibody, 100,000 units BNasin (Promega) which 
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was needed to reduce degradation of the target BNA due 
to nuclease contamination present in the antibody 
dilution buffer, and l,8inM dithiothreitol was added and 
incubated for 20 minutes at room temperature. The AP 
5 labeled anti-FZTC antibody was synthesized as described 
in Bobrow et a!., of Immunological Methods, 137:103- 
112 (1991), the disclosure of which is hereby 
incorporated by reference. All wells were washed six 
times in DuFont Pl&te Wash Buffer. Alkaline phosphatase 

10 activity was detected by addition of 100^ of substrate 
detection buffer, consisting of: 0.2i)rtM 4-methyl^ 
urobelliferyl phosphate (MDBP, JBL Scientific) in 2.5M 
dlethanolamine pH 8.9 (JBL), lOmM MgCl2f 5xdM Zinc 
acetate dihydrate, and 5xnM n-hydroxyethyl-ethylene- 

15 diamine-triacetic acid. The plates were incubated at 

37^C. Readings were made using a micxoplate fluorometer 
(Dynateck) exciting at 365nm and odtting at 450nm. The 
HIV BNA transcripts (Table 2) were detected by either 
method, whether in the presence or the absence of 

20 uninfected HT-2 cell lysates. Reduction of the signal 
in the presence of uninfected MT-2 cell lysate was seen, 
regardless of which detection method was used. In this 
example, the non-specific signal (noise) generated frcxa 
samples which did ^ot contain any target RNA was 

25 significantly higher using FITC-oligo with AP labeled 
anti-FITC antibody than when the oligo directly labeled 
with AP was utilized. 
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Detection of Hiv^l BSh in the presence of cell lysates 
using either AP-ollgo or FITC ollgo-AP 
antl-FITC antibody detection methods 

Blotln +/- Mr-2 

Capture Reporter cell 
aliga, oligQ Titywir lyaaf.ft Signal SM 

gag AP pDAB72 2944 210.29 

BXO. 10 ng 

2.5 ng - 922 65.8 

0.62 ng - 279.5 20 

0 - 14 1 

pDaB72 + 931 77.58 

RNA 10 ng 

2.5 ng + 302 25.17 

0.62 ng + 88 7.33 

d +71 



gag 4401-lB pDAB72 - 3154 46.7 

FITC BM& 10 ng 



ollgo 



2.5 ag - 1121 16.6 

0.62 ng - 320 4.75 

0 - 68 .1 

pDaB72 + 1381 19.4 
BSh 10 ng 

2.5 ng + 471 6.64 

0.62 ng + 208 2.93 

0 + 72 1 
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INCOMPATIBILITY OF 6DANIDINIUM ISOTHIOCYANATE 
WITH AP REPORTER PROBR PnKTnTTnW 

pDAB 72 in vitro IWA transcripts weare hybridized at 
5 ST^'C for 16 hours in 3H 6ED vith the *pol* biotin 

capture oligo as described in Example 2 with or without 
the addition of lysate from uninfected Kr-2 cells. 
After dilution, binding to streptavidin coated plates / 
and washing as described in the method of Exaxople 8 was 

10 employed* The 'pol' AP--olig6 hybridization cocktail 
with or without added 0.8M guanidinium isothiocynater 
0.08M EDTA was added and hybridization allowed to 
proceed for one hour at 37^C. Washing and detection 
were accomplished as described in Exaxr^le 8. Addition 

15 of 0.8M guanidinium isothiocynate^ 0.08M EDTA, 

completely eliminated the signal from the AP-oligo 
reporter probe (Table 3} . This indicates that the 
directly labeled AP-oligo reporter probe was 
incoitipatible with the use of O.BM guanidinium 

20 isothiocynatef 0,08M EDTA« 
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TABLE 3 

lacompatlbillty of Guanidlnium Isothlocyanate 
wltli iff Reporter Probe Function 

AP probe MT-2 
Amt of pDAB hybridization cell 

7 2 RNR 2Di& Ivaatff & ^ 

30 ng standard 
7.5 ngr 
0.3 ng- 
0 

30 ng 
7.5 ng 
0,3 ng 
0 

30 ng + 0-8 M 



7.5 ng 
0.3 ng 
0 

30 ng 
7.5 ng 
0*3 ng 
0 



guanidinlnm 
isothiocyanater 
0.08 U EDTA 





0.401 


21.6 




0.116 


6.2 




0.028 


1.4 




0.019 


1.0 


+ 


1.151 


62.2 


■+ 


0.366 


19.6 


+ 


.0.038 


2.05 


+ 


0.019 


1.00 




0.015 






0.016 


1.14 




0.015 


1.07 




0.014 


1.00 


+ 


0.017 


1.13 


+ 


0.016 


1.07 


+ 


0.016 


1..07 


+ 


0.015 


1.00 



EXAMPLF, Ifi 

DETBCTTQN OF TW vrmo Hnw UNA TPawfippTpq^g 
Two late WSIh transcripts of human cytomegalovirus 
(HCHV), the xciBMA for the tfistjor Capsid protein (MCP) and 
5 the TiSBSK for an abundant pbosphoprotein (pp65}, were 
selected as targets for detection In an RNA assay. In 
vitro RNA transcripts containing portions of the 
nucleotide sequences of MCP and pp65 of the Adl69 strain 
of HCM7 were generated from In vitro transcription 
10 pleisxnlds as described in Example 1. These transcripts 
were assayed as described in the method of Example 6, 
employing the biotinylated capture and AP-reporter 
probes described for BCMV in Example 2. As seen in 
Figure 11, both pp65 and ICP in vitro RNA transcripts 
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were readily detected. The sensitivity of detection of 
these two RN& species was within ten-fold of that 
achieved for the detection of HIV *gag» RNA with Its 
conplementary probes. 

5 

EXAMPT.Tg 1*7 

DETECTI(»I OP ECMV pp65 AMD MCP RNA*S 

Human foreskin flbrdblasts (HFF cells) cultured In 

10 Dulbecco*s modified Eagles medium plus 10% fetal calf 
serum (GlbcO/ Long Island, NY) were Infected with HCMV 
(strain Adl69) at various multiplicities of infection 
(^I's)« At Intervals after Infection (0, 2, 4, 6, and 
8 days after infection) , media was removed from the 

15 cultures r and the cells were washed once with phosphate 
buffered saline (PBS) and lysed in 5M 6ED (5M 
guanldlnium Isothiocyanate, 0.1 M EDTA, 10% dextran 
sulfate) at 1 X 10'^ cells per ml. The ly sates were 
assayed as described in the method of Bxaiople 8, 

20 employing the blotlnylated capture and AP-reporter 
probes described for HCMV in Exaisple 2, except that 
allguots of the lysates corresponding to 2-5 x 10^ cells 
were boiled for 10 minutes and quick cooled to room 
temperature before inclusion in the assay. The heat 

25 treatment reduced inhibitory effects associated with the 
HFF cell lysates, whether or not th$y were infected with 
HCMV. As shown in Figures 12 and 13, MCP and pp65 RNA's 
were detected in lysates prepared as described, at 4-8 
days after infection. 
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CLAIMS 

What Is Claimed is: 

5 

1« A nucleic acid based assay for detecting 
and/or quantitating nucleic acid levels in a sample 
suspected to contain tbe target nucleic acids to be 
detected and/or quantitated which coniprises:- 
10 a) preparing the saaqple for hybridization in 

a solution containing a chaotropic agents 

b) reacting the product of step (a) with a 
capture probe to which is attached a first member of a 
specific binding pair directly in the solution 

15 containing the chaotropic agent to form a capture probe 
- target nucleic acid con^lex; 

c) diluting the chaotropic solution 
containing the product of step (b) to a concentration 
which permits binding of the first member of tbe binding 

20 pair to a second member of the binding pair; 

d) i mm obilizing the product of step (c) on a 
sixpport to which is attached the second member of tbe 
specific binding pair; 

e) removing substantially all non- 
25 immobilized components; 

f > reacting a reporter probe with the 
immobilized capture probe ^ target nucleic acid coinplex 
to form an immobilized capture probe - target nucleic 
acid - reporter probe coiii>lex wherein the reporter probe 
30 is complementary to a portion of tbe target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

g) removing substantially all unreacted 
r^>orter probe; and 
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h) detecting and/or quantltatlng the product 
of step (g) • 

2. An assay according to claim 1 wherein the 
target nucleic acid is RNA. 
5 3. An assay according to claim 2 wherein the 

target nucleic acid is selected from the group 
consisting of HIV RNA and Human cytomegalovirus RNA. 

4« An assay according to claim 1 wherein the 
chaotropic agent is selected from the group consisting 
10 of guanldinium isothiocyanate, guanidinium hydrochloride 
potassium thiocyanate, sodium trifluoroacetater sodium 
acetate, sodium iodide, or sodium perchlorate. 

5. An assay according to claim 1 wherein specific 
binding pairs used for immobilization are selected from 

15 the group consisting of biotin-streptavidin, 

I min dbiot in-streptavidin , mercurated probes-sulfhydryl 
containing moieties^ folate-^folate binding protein, or 
intrinsic factor^itamin Bi2« 

6. An assay according to claim 1 wherein the 

20 reporter probe is labeled directly or indirectly with a 
reporter selected from the group consisting of enzymes, 
radioisotopes, f luorogenic, chemiluminescent or 
electrochemical materials « 

7. An assay according to claim 6 wherein the 
25 reporter probe is indirectly labeled with a detectable 

label through a meniber of a specific binding pair. 

ff. A nucleic acid assay for detecting and/or 
quantltatlng nucleic acid levels in a sample suspected 
to contain the target nucleic acids to be detected 
30 and/or quantitated which comprises: 

a) preparing the sainple for hybridization in 
a solution containing a chaotropic agent; 

b) reacting the product of step (a) with a 
capture probe to which is attached a first member of a 

35 specific binding pair and a chaotrqpically insensitive 
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r^orter probe to which is attached a meiDber of a 
specific binding pair different from the first member 
attached to the capture probe directly in the solution 
contedjiing the chaotropic agent to form an immobilized 
5 capture probe - target nucleic acid - cliaotrqpically 
insensitive reporter probe cozqplex wherein the 
chaotrpplcally insensitive reporter probe is 
conqplementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
10 h3^ridizesf 

c) diluting the chaotropic solution 
containing the product of step (b) to a concentration 
which perxoits binding of the first member of the binding 
pair used for immobilization to a second member of the 

15 binding pair; 

d) immobilizing the product of step (c) on a 
siqpport to which is attached the second member of the 
specific binding pair; 

e) reiQOving substantially all non- 
20 immobilized components; 

f ) reacting the product of step (e) with the 
other meniber of the reporter binding pair to whicdi is 
attached a detectable label to form an immobilized 
capture probe - target nucleic acid - chaotropically 

25 insensitive reporter probe - specif ic binding pair - 
detectable label complex; 

g) removing substantially all unreacted 
components; and 

h) detecting and/or quant itating the product 
30 of step (g) . 

9* &n assay according to claim 8 wherein the 
target nucleic acid is RNA. 

10. An assay according to claim 9 wherein the 
target nucleic acid is selected from the group 
35 consisting of HIV BN2L and Human cytomegalovirus RHA. 
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11. An assay according to claim 8 wherein the 
chaotropic agent Is selected from the group consisting 
of guanidinluA isothiocyanate, guanldlnlum hydrochloride 
potassium thiocyanater sodium trifluoroacetate, sodium 

5 acetate, sodium iodide, or sodium perchlorate. 

12. An assay aocording to claim 6 where the 
specific binding pairs used for immobilization are 
selected from the group consisting of biotin- 
streptavidin, imindbiotin-streptavidin, mercurated 

10 probes-sulfhydryl containing moieties, folate-folate 
binding protein, or intrinsic factor-vitamin B12. 

13. An assay according to claim 8 wherein the 
detectable label is selected from the group consisting 
of enzymes, radioisotopes , fluorogenic, chemiluminscent 

15 or electrochemical materials. 

14. A nucleic acid based infectivity assay which 
cosprises : 

a) allowing an infectious agent to replicate 
in or on a host capable of supporting replication of the 
20 infectious agent; 

b} preparing the product of step (a) for 
hybridization in a solution containing a chaotropic 
agent; 

c) reacting the product of step (b) with a 
25 capture probe to which is attached a first member of a 

specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
- target nucleic acid coxnplex; 

d) diluting the chaotropic solution 

30 containing the product of step (c) to a concentration 

which permits binding of the first member of the binding 
pair to a second member of the binding pair; 

e) immobilizing the product of step (d) on a 
siqpport to ^ich is attached the second member of the 

35 specific binding pair; 
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£} xemovlng substantially all non- 
IsmoblUzed components f 

9) reacting a reporter probe with the 
i mmob iliged capture probe - target nucleic acid coxtplex 
5 to form an ijmnbbilized capture probe - target nucleic 
acid - reporter prdbe cmplex wherein the reporter probe 
is cosplementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

10 h} ssemoving substantially all unreacted 

reporter probe; and 

i) detecting and/or quantitating the product 
of step (h) . 

15. An assay according to claixa 14 wherein the 
15 infectious agent is selected front the group consisting 

of HIV and 

16. An assay according to claim 14 idierein the 
target nucleic acid is BXDi. 

17. An assay according to claim 14 wherein the 
20 diaotropic agent is selected from the group consisting 

of guanidlnium isothiocyanate, guanidinium hydrochloride 
potassium thiocyanater sodium trifludroacetate, sodium 
acetate^ sodium iodide, or sodium perchlorate. 

18 . An assay according to claim 14 wherein the 
25 specific binding pairs used for immobilization are 

selected from the group consisting of biotin- 
streptavidln, iminobiotin-streptavidin, mercurated 
probes-sulfhydryl containing moieties, folate--folate 
binding protein, or intrinsic factor-vitamin B12.. 
30 19. An assay according to claim 14 wherein the 

reporter probe is labeled directly or indirectly with a 
detectable label selected from the group consisting of 
enzymes, radioisotopes, fluorogralcr chemlluminescent 
and electrochemical materials. 
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20. An assay according^ to claim 19 wherein the 
reporter probe is indirectly labeled with a reporter 
through a meinber of a specific binding pair. 

21. A nucleic acid based infectivity assay which 
5 cozDprlses : 

a) allowing an infectious aigent to replicate 
in or on a hodt capable of supporting replication of the 
infectious agent; 

b) preparing the product of step (a) for 
10 hybridization in a solution containing a chaotrppic 

agent; 

c) reacting the product of step (b) with a 
capture probe to which is attached a first member of a 
specific binding pair and a chaotropically insensitive 

15 reporter probe to which is attached a member of a 

specific binding pair different from the first member 
attached to the capture probe directly in the solution 
containdbng the chaotropic agent to form an immobilized 
capture probe - target nucleic acid - chaotropically 

20 insensitive reporter probe complex wherein the reporter 
probe is coiqplementary to a portion of the target 
nucleic probe not including the portion to which the 
capture probe hybridizes; 

d) diluting the chaotropic solution 

25 containing the product of step (c) to a concentration 

which permits binding of the first member of the binding 
pair used for immobilization to a second member of the 
binding pair; 

e) immobilizing the product of step (d) on a 
30 support to lAxlch is attached the second mesiber of the 

specific binding pair; 

f ) removing substantially all non- 
immobilized CQXDponents; 

g) reacting the product of step (f ) with the 
35 other mesober of the reporter binding pair to whi<^ is 
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attached a dtetectable label to form a capture probe 
target nucleic add - cfaaotroplcgd,ly insensitive 
r^orter probe - specific binding pair- detectable label 
complex; 

5 h} t&nov±nq substantially all unreacted 

ccMiponents; and 

i) detecting and/or quantitating the product 
of step (h) . 

22. An assay according to claim 21 idxerein the 
10 infectious agent is selected from the grov^ consisting 

of BT7 and CHV. 

23. Jto assay according to claim 21 wherein the 
target nucleic acid is BNA« 

24. An assay according to claim 21 wherein the 
15 chaotropic agent is selected from the group consisting 

of guanidinium isothiocyanate, guanidinium hydrochloride 
potassium thlocyanate, sodium trif luoroacetate, sodium 
acetate, sodium iodide, or sodium perchlorate, 

25. An assay according to claim 21 where the 
20 specific binding pairs used for immobilization are 

selected from the group consisting of biotln- 
strqptavldin iminobiotin-streptavidin, mercurated 
probes-sulfhydryl TOntaining moieties, folate-folate 
binding protein, or intrinsic factor-^vitamin B12. 

25 26. . An assay according to cl2d.m 21 wherein the 

detectable label is selected from the group consisting 
of enzymes, radioisotopes, fluorogenic, chemiluminscent 
or electrochemical materials* 

27. A nucleic acid based method for evaluating 

30 anti-infectious agent activity of a coxopound which 
coxq^rises : 

a) contacting a host capable of supporting 
replication of an infectious agent with a compound 
suspected to have anti^-infectious agent activity and the 
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Infectious agent wherein the coiitpound can be added 
before/ after or with the Infectious agent; 

b) allowing the infectious agent to attempt 
to replicate; 

c) preparing the product of step (b) for 
hybridization in a solution containing a chaotropic 
agent; 

d) reacting the product of step (c) with a 
capture probe to which is attached a first meniber of a 
specific binding pair directly in the solution 
containing the chaotropic agent to form a capture probe 
- target nucleic acid complex; 

e) diluting the chaotropic solution 
containing the product of step (d> to a concentration 
which permits binding of the first member of the binding 
pair to a second member of the binding pair; 

f) immobilizing the product of step (e) on a 
support to which is attached the second member of the 
binding pair; 

g) removing substantially all non- 
immobilized conponents; 

h) reacting a reporter probe with 
Immobilized capture probe - target nucleic acid complex 
to form an immobilized capture probe - target nucleic 
acid - reporter probe coxoplex wherein the reporter probe 
is complementary to a portion of the target nucleic acid 
not including the portion to which the capture probe 
hybridizes; 

i) removing substantially all unreacted 
reporter probe; and 

j) determining the antl-^infectious agent 
activity of the compound by detecting and/or 
quantltating the product of step (1). 



wo 93/20234 



58 



PCT7US93/02794 



28. An assay according to claim 27 wliereln the 
Infectious agent Is selected from the groiq;) consisting 
of HIV and 

29. An assay according to claim 27 wherein the 
5 target nucleic acid Is SNA* 

3D. An assay according to claim 27 wherein the 
HChaotroplc agent Is selected from the group consisting 
of guanldlnlum Isothiocyanate, guanldlnlum hydrochloride 
potassium thiocyanatef sodium trlfluoroacetate/ sodium 
10 acetate, sodium iodide r or sodium per chlorate. 

31. An assay according to clsdm 27 wherein the 
specific binding pairs used for immobilization are 
selected from the group consisting of biotln- 
streptavidin^ ixninobiotin-streptavidin, mercurated 
15 probes-sulfhydryl containing moieties, folate-folate 
binding protein, or intrinsic factor^itamin Bu. 

32* An assay according to claim 27 fdierein the 
reporter probe is labeled directly or indirectly with a 
reporter selectcKl from the grotqpt consisting of enzymes, 
20 radioisot<^s, fluorogenic, chemllnmlnescent and 
electrochemical materials. 

33. An assay according to claim 27 wherein the 
reporter probe is indirectly labeled with a detectable 
label through a member of a specific binding pair.. 
25 34. A nucleic acid based method for evaluating the 

anti-infectious agent activity of a compound which 
coinprlses : 

a) contacting a host capable of supporting 
replication of an infectious agent with a compound 

30 suspected to have anti^infectlous agent activity and the 
infectious agent wheredLn the compound can be added 
before, after or with the infectious agent; 

b) allowing the Iztfectious agent to attempt 
to replicate; 
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c) preparing the product of step (b) for 
hybridization in a solution containing a chaotroplc 
agent; 

d) reacting the product of step (c) with a 
5 capture probe to whicii is attached a first laember of a 

specific binding pair and a chaotrqpically Insensitive 
reporter probe to which is attached a member of a 
specific binding pair different from the first member 
attached to the capture probe directly in the solution 

10 containing the chaotropic agent to form a capture probe 
• target nucleic acid - chaotropically insensitive 
reporter probe complex wherein the reporter probe is 
complementary to a portion of the target nucleic probe 
not including the portion to which the capture probe 

15 hybridizes; 

e) diluting the chaotropic solution 
containing the product of step (d) to a concentration 
which permits binding of the first member of the binding 
pair used for immobilization to a second mezober of the 

20 binding pair; 

f ) immobilizing the product of step (e) on a 
support to which is attached the second member of the 
specific binding pair; 

g) removing substantially all non- 
25 immobilized coznponents; 

h) reacting the product of step (g> with the 
other member of the reporter binding pair to which is 
attached detectable label to form a capture probe - 
target nucleic acid - chaotropically insensitive 

30 reporter probe - specific binding pair-detectable label 
complex; 

i) removing substantially all unreacted 
reporter probe; and 
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j) deteminlng the anti**in£ectlou8 ageat 
activity of the coinpound by detecting and/or 
qaantitatlng the product of step (i) . 

35 . An aasay according to claim 34 wherein the 

5 infectious agent is selected from the group consisting 
of HIV and GMV* 

36. An assay An assay according to claim 34 
vherein the target nncleic acid is BNA» 

37. An assay according to claim 34 wherein the 
10 chaotropic agrat is selected from the group consisting 

of guanidinium isothiooyanateir guanidlnitxia hydrochloride 
potassium thiocyanater sodium trifluoroacetater sodium 
acetate, sodium iodide , cr sodium perchlorate* 

38* -An assay according to claim 34 where the 

15 specific binding pairs used for immobilization are 
selected from the group consisting of biotin-^ 
streptavidin iminobiotin-streptavidin, mercurated 
probes-sulfhydryl containing moieties r folate-folate 
binding protein r or intrinsic factor-^tamin B12. 

20 39. An assay according to claim 33 wherein the 

detectable label is selected from the groi:^ consisting 
of enzymes, radioisotopes, fluorogenic, chem 1 lumlnscent 
or electrochemical materials. 

40. A nucleic acid based method for evaluating the 

25 anti^-HIV activity of a compound which comprises: 

a) contacting a host capable of supporting 
replication of HIV with a coinpound suspected to have 
anti-KIV activity and HIV wherein the conipound can be 
added before, after or with HIV; 

30 b) allowing HIV to attempt to retplicate; 

c) preparing the product of step (b) for 
hybridization in a solution containing guanidinium 
isothiocyanate; 

d) reacting the product of step (c) with a 
35 biotinylated capture probe directly in the solution 
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containing guanidinium isqthiocyanate to form a capture 
probe - HIV BNA con^lex; 

e) diluting the ohaotropic solution 
containing the product of step (d) to a concentration 
5 wliich permits binding of biotin to streptavidin; 

£) immobilizing the product of step (e) on a 
support to which is attached streptavidin; 

g) removing substantially all non- 
immobilized components; 
10 h) reacting the product of step (g) with an 

enzyme-labeled reporter probe to form an immobilized 
capture probe - HIV RNA - enzyme labeled reporter probe 
complex wherein the reporter probe is con5>lementary to a 
portion of the HIV RNA not including the portion to 
15 which the capture probe hybridizes; 

i) removing substantially all unreacted 
reporter probe; and 

j) detecting and/or quantitating the product 
of step (i) . 
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Detection of pDAB 72 in vitro RNA transcripts 
with 'gag' probe set 
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Dose Response to cyclohexamlde 
in HIV RNA and MTT assays 
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Dose Response to ddC in 
HIV RNA and MTT assays 
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Dose Response to XJ104 In 
HIV RNA and MTT Assays 
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Reduction in Yield of InfecHoirs Virus 
and HIV RNA with AZT Treatment 
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Comparison of HIV RNA assay 
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